INTRODUCTION
Organic-rich Jurassic strata are widespread throughout central Asia and have been reported from northwestern China, western and southern Mongolia, and adjacent parts of the former Soviet Union (Vakhrameyev and Doludenko, 1977; Ulmishek, 1984; Hendrix et al., 1992 Hendrix et al., , 1994b Hendrix and Graham, 1993) . Throughout the Xinjiang Uygur Autonomous Region of northwestern China (Figure 1 ), Lower through Middle Jurassic coal provides the principal energy source for everything from electrical power plants to local household ovens. Lee (1985a) estimated that the south Junggar basin alone contains in excess of 270 × 10 9 t of high-quality bituminous coal. Comparisons of estimated total and recoverable tonnages for other coal-bearing basins indicate that the tonnages of high-quality coal in the Junggar basin are comparable to those of other prolific basins of the world (Table 1) .
These coals and their associated organic-rich mudstones likely act as a source rock for petroleum and gas accumulations of the southern Junggar, northern Tarim, and Turpan basins within Xinjiang (Lee, 1985a, b; Graham et al., 1990; Huang et al., 1991; Zhou et al., 1993) . Petroleum in the Junggar, Turpan, and Tarim basins has been known for centuries. Natural seeps were exploited from each of these basins along the ancient Silk Road. More recently, large commercial accumulations of petroleum have been discovered in the Junggar and Tarim basins, and moderate-size accumulations have been discovered in the Turpan basin (Nishidai and Berry, 1991; Oil & Gas Journal, 1993; Zhou et al., 1993) .
Source rock considerations have rapidly assumed considerable importance, given China's recent decision to open many of its onshore basins, including the Tarim basin, to international bidding for exploration. No unequivocal geochemical correlation between Jurassic strata and petroleum recovered from Xinjiang's oil fields has been published. The source potential of these strata remains uncertain, although various Chinese studies have reported similarities between sterane and hopane distributions of Lower and Middle Jurassic source rocks and certain crude oils in the East Junggar and Turpan basins (Wang and Chen, 1990; Huang et al., 1991; Zhou et al., 1993) . Complicating the picture, however, are other strata, such as the Permian lacustrine oil shales, which provide a source for petroleum in the Junggar basin . Similarly, the Tarim basin has several potential petroleum source rocks, including CambrianOrdovician, Carboniferous, and possibly Cretaceous marine rocks, as well as Permian and Jurassic nonmarine rocks (Fan et al., 1990; Graham et al., 1990) .
The lack of published analyses of potential source rocks for each of Xinjiang's basins has been a barrier to comprehensive correlation studies with petroleum from all three basins. In particular, few details have been reported on the sedimentologic and organic geochemical attributes of Jurassic coaly strata. Although several organic geochemical studies of Mesozoic strata and/or allegedly Mesozoic oils exist in the Chinese literature (Lu, 1981; Li and Jiang, 1987; Fan et al., 1990; Wang and Chen, 1990; Huang et al., 1991; Zhou et al., 1993) , they are either limited in scope or difficult to evaluate critically because they provide little data. Geochemical analyses of organic-rich Jurassic strata reported in the Western literature (e.g., Graham et al., 1990) are too sparse to adequately assess Jurassic source potential. This study provides a detailed organic geochemical database for organic-rich Lower and Middle Jurassic strata throughout central Xinjiang, thereby permitting a more comprehensive interpretation of the area's petroleum potential. Because our sampling was limited to outcrops on deformed basin margins whose palinspastic origins lay far from producing areas, our goals are not to match specific beds to specific oils, but rather to look for kindred affinities that point to likely source sequences. Bulk and molecular organic geochemical data were acquired from a sample suite collected along 13 transects of Mesozoic strata in the southern Junggar, northern Tarim, and western Turpan basins (Figure 1 ). Field and laboratory evidence is presented that demonstrates that organic-rich Lower and Middle Jurassic strata are dominated by terrestrial-derived type III kerogens. Molecular geochemical techniques strongly suggest a correlation between these kerogens and four petroleum samples collected from the northern Tarim, southern Junggar, and Turpan basins.
GEOLOGIC SETTING

Sedimentary, Tectonic, and Paleoclimatic Framework
Thick organic-rich strata of Early through Middle Jurassic age occur throughout the southern Junggar, northern Tarim, and Turpan basins of northwest China (Figures 1, 2) . Jurassic sedimentary accumulations in all three basins exhibit foreland-style isopach configurations (Lee, 1985a, b; Huang et al., 1991; Allen et al., 1993) , suggesting that each basin was an asymmetric, flexurally subsiding trough adjacent to active fold and thrust belts that bounded the Tian Shan . Mesozoic facies and thickness trends, as well as paleocurrent, provenance, and subsidence analysis, indicate that the Tarim and Junggar basins were physiographically partitioned by the Tian Shan throughout the Mesozoic, as the Tian Shan Glass, 1975; Schmidt, 1979 Alberta ( yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy yy was repeatedly deformed in response to various tectonic accretion events at the southern Asian continental margin (Hendrix, 1992; Hendrix et al., 1992) . Paleocurrent, organic facies, and isopach configurations indicate that the Turpan basin evolved as a discrete physiographic entity by the Early Jurassic Hendrix et al., 1992) . Flexurally driven Early and Middle Jurassic subsidence rates for basin depocenters in central Xinjiang were in excess of 55 m/m.y. (>30 m/m.y. for the Turpan basin), leading to the accumulation of 2600 m of sediment in the south Junggar, 2500 m in the north Tarim, and 1500 m in the west Turpan depocenters (Figure 2 ) . Lower and Middle Jurassic organic-rich strata deposited in basins of central Xinjiang are entirely nonmarine, based on their floral and faunal assemblages ( Figure 2 ) (Zhang, 1981; Lai and Wang, 1988) . During this period, abundant, probably monsoonal, rainfall led to the development of extensive meander-belt fluvial systems transverse to the ancestral Tian Shan range, as suggested by facies assemblages in basin margin outcrops and by paleocurrent measurements . Regionally extensive, occasionally anoxic, lakes or bogs probably occupied interior foredeep regions of these basins (Lai and Wang, 1988; Huang et al., 1991) . In some outcrops we examined, Jurassic strata appear to be lacustrine deltaic, as along the Manas transect (southern Junggar basin; Figure 1 ), where coal-bearing strata are laterally continuous.
Coal-bearing strata in central Xinjiang are divided into several formations by Chinese stratigraphers ( Figure 2 ). According to Zhang (1981) , most coal is mined from the Badaowan and Xishanyao formations in the southern Junggar and Turpan basins and from the Ahe and Kezilenuer formations in the northern Tarim basin (Figure 2 ). Our observations of the stratigraphy of central Xinjiang basins suggest that, although most coal is mined from these formations, abundant organic-rich strata are present throughout Lower and Middle Jurassic deposits in each basin (Figure 2 ).
Chronostratigraphic Control
Precise dating of Mesozoic nonmarine coal-bearing strata in central Xinjiang is difficult due to a lack of interbedded, datable volcanic units and little reported magnetostratigraphic work (although, see McFadden et al., 1988a, b) . The strata are highly fossiliferous, however, and many floral and faunal studies have been conducted to constrain the age of these rocks. As a result, there is general agreement that the organic-rich sequences are as old as Triassic and as young as Middle Jurassic. However, more detailed assignments differ from study to study due to the highly endemic nature (e.g., Li, 1993) and moderate to poor preservation of Mesozoic nonmarine flora and fauna in the Xinjiang basins (Figure 2 ). In addition, the Chinese practice of extensive taxonomic subdivision hampers correlation of Chinese flora and fauna with areas outside China (Zhang and Li, 1989) .
Biostratigraphic age assignments have been published based on vertebrate (Wu, 1987) , molluskan (Gu, 1982) , conchostracan (S. , and higher plant remains (Wu, 1990) (Figure 2 ), but palynologic studies appear to be the most successful. Published age estimates of Mesozoic organic-rich strata based on palynology fall into two broad categories. The first group of studies maintains that the deposits are largely or entirely Triassic in age (e.g., Zhang, 1983; Zhang and Li, 1990 ; Figure 2 ). The second and larger group of studies contends that the coal-bearing deposits are of Early through Middle Jurassic age (He and Wu, 1986; Wu and Zhou, 1986; Yang and Sun, 1986; Sun, 1989; Z. Liu, 1990 Z. Liu, , 1993 U. Biffi, 1993, personal communication) (Figure 2 ).
Exact placement of the Triassic-Jurassic boundary remains controversial. Various studies have noted the presence of Triassic survivor species in Jurassic coal-bearing strata (e.g., Yang and Sun, 1986; Liu and Sun, 1992) . Wu (1990) further added to the uncertainty by reporting Early Jurassic floras from the Taliqik Formation, which is usually assigned a Late Triassic age. More biostratigraphic studies are needed to clarify the age of central Xinjiang organic-rich Mesozoic deposits, particularly in terms of correlation with well-constrained floral assemblages outside China (e.g., Sarjeant et al., 1993) . In this paper, we provisionally refer to the coaly deposits as Lower through Middle Jurassic, because the literature and the palynology of our samples (U. Biffi, 1993, personal communication) favor such a conclusion. Given uncertainties, it is possible that parts of these deposits may be Triassic.
In the following discussion, we do not attempt to differentiate or correlate samples from specific formations, because of the lack of sufficient age control and the difficulty in correlating specific formations or organic-rich intervals between localities.
FIELD METHODS AND SAMPLING STRATEGY
At the 13 locations where Jurassic strata were examined, recent exposures were suitable to permit detailed inspection of facies. Most natural outcrops of the organic-rich facies were too weathered for reliable analysis. Where possible, stratigraphic sections were measured to document the style of sedimentation ( Figure 3 ) . Unweathered samples were collected from subsurface coal mines at each locality. With the exception of samples 87-D-5A, 89-K-112, and 89-Bc-6A, collected from natural outcrops, all geochemical work was performed on unweathered subsurface samples. Our access to subsurface workings was restricted, so exact stratigraphic placement of individual samples within the mined interval is unknown.
Jurassic sediments are thickest in the southern Junggar and northern Tarim depocenters near the Manas and Kuqa localities, respectively (Figures 1,  2 ). These two localities also contain the largest number of operating coal mines. Samples were also collected from localities away from the basin depocenters (Figure 1) . Currently, more than one coal seam is being mined at most locations. Individual seams in the northern Tarim and southern Junggar Mesozoic foredeeps are reported in excess of 25 m thick, and as many as 42 separate coal seams are being mined in the subsurface at the Badaowan locality (Figure 1) (Hendrix, 1992) .
To better assess the petroleum potential of Jurassic rocks, we investigated the organic geochemistry of four petroleum samples likely to have been generated from these rocks in Xinjiang basins, based on geologic relations. These samples include a produced oil from the southern Junggar basin (94-HU-1), a seep oil collected from the northern Tarim basin (92-Bc-101), and one seep oil and one produced oil from the north central Turpan basin (93-QK-6 and 93-QK-101, respectively; Figure 1 ).
SEDIMENTARY FACIES
In all three basins, Lower Jurassic strata overlie allegedly uppermost Triassic alluvial and braided fluvial conglomerate, sandstone, and siltstone of the Haojiagou Formation (south Junggar and north Tarim basins) and the Taliqik Formation (Turpan basin; Figure 2 ). This transition appears to be gradational in all three basins and is interpreted as generally conformable. Organic-rich Jurassic strata in each basin consist of interbedded sandstone, siltstone, and shale (Figures 2; 3 ; 4A, B). Conglomerate is minor and, where present, typically occurs as a lag at the base of sandstones. Plant debris is highly variable in form and state of preservation throughout organic-rich strata of all three basins. Plant debris ranges from log jams ( Figure 3B ) to wholly articulated plant fossils ( Figure 4C ), and includes in-situ rhyzoids at the top of many thin sandstones and siltstones (Figure 3 ) (Hendrix, 1992 
Meandering Fluvial Facies
Most Lower and Middle Jurassic strata in central Xinjiang basins consist of interbedded sandstone, siltstone, shale, and coal interpreted as meandering fluvial sequences. Sandstone beds associated with this facies are lenticular on a lateral scale of tens to hundreds of meters, and many contain minor conglomeratic lags at their base with associated tool marks or rare gutter casts ( Figure 4D ). Lateral accretion surfaces are common, and shallow-water traction-transport structures, such as trough cross-bedding, planar lamination, and ripples, are also common. Detailed outcrop sections were measured in this facies at both the Manas and Kuqa localities (Figure 3 ). Each detailed section contains at least one approximately 10-m-thick major sandstone consisting of an overall upward-fining sequence ( Figure  4E ) with a scoured and tool-marked base ( Figure  4D ), several amalgamation surfaces, an abundance of shallow-water traction-transport structures (such as trough cross-beds and planar lamination), and a rippled top. These thick sandstones are interpreted as major meandering fluvial channel complexes. The finer grained parts of each section contain siltstone layers, commonly with rhyzoids, coaly shale, abundant plant impressions on bedding planes ( Figure 4C ), and a series of thin interbedded (≤1 m thick) fine-grained sandstones. These thinner sandstones are not characterized by substantial upward fining, but are typically uniformly fine grained. They are commonly planar laminated near the base, but display climbing ripples toward the top and are interpreted as crevasse splay deposits (Figure 3 ). One such approximately 70-cm-thick sandstone at the Manas site has casts of therapod(?) dinosaur footprints on its base (Hendrix, 1992) .
These meandering f luvial organic-rich strata grade upward into monotonous fine-grained red beds of the Qigu Formation (northern Tarim and southern Junggar basins) or Qiketai Formation (Turpan basin; Figure 2 ).
Braided Fluvial Facies
Lower Jurassic strata of the Badaowan Formation in the western Turpan basin are considerably coarser than equivalent rocks from the Junggar and Tarim basins and lack organic-rich layers. In Turpan, they comprise well-organized, braided fluvial pebbly sandstone and siltstone, typified by vertically stacked sandy bar deposits and lenticular geometries on a scale of tens of meters (Hendrix et al., 1992) . Within the Lower Jurassic Yengisar Formation along the Kuqa and Yengisar transects (Tarim basin), over 300 m of sand-rich braided fluvial deposits were observed (Figure 2 ) (Hendrix et al., 1992) .
Lacustrine Deltaic Facies
In the southern Junggar basin depocenter (Manas), the main coal-bearing portions of the section contain sandstone, siltstone, and shale horizons, which are commonly tabular for hundreds of meters and probably represent a lacustrine delta ( Figure 4B ). Low-angle lateral accretion surfaces are observed in many of the thicker sandstones, suggesting either a very large meandering fluvial system or perhaps distributary mouth bar progradation ( Figure 4F ). The richest Jurassic coal layers associated with this facies contain abundant "clinker" rock formed by in-situ burning of subbituminous and bituminous coal as a result of spontaneous combustion of outgassed methane (Coates, 1988) . Lack of any marine flora or fauna in these strata is consistent with a lacustrine deltaic interpretation. For additional sedimentologic information on each of these facies, refer to Hendrix (1992) and Hendrix et al. (1992) .
BULK GEOCHEMICAL ANALYSES
Visual Kerogen Analysis
Relative proportions of organic macerals are quantified for eight Jurassic coal samples, each from (Table 2) . Vitrinite is commonly the dominant component, as expected for terrestrially derived coal ( Figure 5 ). Four of the five analyzed samples from the Junggar basin contain significant abundances (up to 38%) of exinite. Exinite (also termed "liptinite") comprises a class of lipid-rich macerals that include waxes, resins, spores, cuticles, and algal bodies (Tissot and Welte, 1984 ) that may provide a source of oil (Püttman et al., 1986 ) ( Figure 5 ). The apparently lower percentages of exinite in Tarim samples is likely an artifact of the small sample size (n =3). The percentage of inertinite (fusinitic or charcoal-like material) present in each sample varies from a few percent to over 60%, suggesting that substantial proportions of Jurassic organic matter may be reworked or charcoal. Much of the vitrinite is moderately fluorescent, suggesting that it contains bitumen or exudatinite (nonreflective, fluorescent bitumen, filling apophyses, pores, etc.), which is indistinguishable from the vitrinite itself (C. Thompson-Rizer, 1992, personal communication) . Most of the samples yield vitrinite reflectance values (R o average = 0.76%) above that associated with the threshold of oil generation (R o = ∼0.6%), suggesting that the observed fluorescence results from liberated or thermally generated bitumen.
Vitrinite Reflectance
Vitrinite reflectance data indicate that most samples are slightly immature to mature with respect to oil and gas generation (Table 3; Figure 6 ), with one important exception discussed in the following sections. Samples collected within the southern Junggar and northern Tarim depocenter sections average slightly higher R o values than those from areas outside the foredeeps, consistent with regional post-Jurassic sediment thickness trends. However, a substantial number of analyses from Tarim localities away from the depocenter yield reflectances markedly higher than depocenter values. The Awate, Qiugetale, and Baicheng samples ( Figure 1 ) account for the high reflectance values ( Figure 6 ). All three sites occur basinward of major thrust faults in the northwestern Tarim basin, suggesting that high R o values are the result of burial due to stacking of thrust sheets.
Ref lectance values for the Turpan basin are slightly immature to mature with respect to oil and gas generation ( Figure 6 ) (see also Graham et al., 1990) . Since post-Jurassic stratal thicknesses for the western Turpan basin are similar to those of the southern Junggar and northern Tarim basin flanks , these R o data suggest that post-Jurassic thermal history of these three areas was comparable. Hendrix (1992) and Hendrix et al. (1992) performed geohistory analysis (backstripping) of the Manas and Kuqa measured sections, as well as a composite section for the Turpan basin. Because the Manas and Kuqa sections were both compiled from outcrops spanning more than 10 km perpendicular to structural and depositional strike, and involved correlation across several broad folds at Kuqa, the degree to which these sections represent generative areas within each basin is uncertain. Nevertheless, the results suggest that Jurassic strata in basinal areas proximal to each section are currently within the oil window.
Elemental Analyses and Rock-Eval Pyrolysis
Interpretation of kerogens in coaly Jurassic samples relies more heavily on elemental analysis (Table  4 Table 3 ). The least mature samples from the Junggar basin flank positions and the Turpan basin provide the best indication of kerogen type and suggest a dominance of hydrogen-poor type III kerogens, consistent with visual kerogen analyses indicating dominance of vitrinitic and inertinitic macerals ( Figure 5 ; Table 2 ). However, two samples lie in the region between type II and type III kerogens ( Figure 7 ). Visual kerogen analysis of one of these samples (88-J-3) indicates that it contains 38% exinite (liptinite), which is responsible for the high H/C ratio.
Hydrogen index (HI) vs. oxygen index (OI) diagrams constructed from Rock-Eval pyrolysis data (Espitalié et al., 1977) suggest that the predominance of hydrogen-poor type III kerogens indicated by elemental analysis is not supported by the Rock-Eval data ( Figure 8 ; Table 3 ). Rather, most samples from both the Tarim and Junggar basins plot along the type I or type II thermal evolution pathways on an HI vs. OI diagram. A subordinate number of samples from the Tarim and Junggar basins, as well as most samples from the Turpan basin, appear to follow the thermal evolution pathway for type III kerogens. Reasons for this apparent discrepancy in kerogen characterization between the two techniques are not entirely clear, although this phenomenon has been noted by other workers during analysis of coal (Teichmüller and Durand, 1983; Kagya et al., 1991; Mpanju et al., 1991; D. J. Curry, 1995, personal communication) . Peters (1986) discussed the tendency of Rock-Eval pyrolysis to overestimate the liquid hydrocarbon potential of coaly samples. Thus, it is likely that the high HI/low OI signature of most Jurassic samples is 
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an artifact of Rock-Eval analysis, rather than an indication of hydrogen-rich type I or type II kerogens.
Pyrolysis-Gas Chromatography
Pyrolysis-gas chromatography was conducted on 41 samples to determine the tendency of Jurassic rocks to generate liquid hydrocarbons. The high temperatures of pyrolysis-gas chromatography produce compounds rarely obser ved in petroleum (e.g., abundant n-alkenes) and complicate correlation of source rocks with oils (Gormly and Mukhopadhyay, 1983) . Nevertheless, pyrolysis-gas chromatography can provide evidence of kerogen structure and, by inference, the liquid hydrocarbon generation potential of a source rock (Dembicki et al., 1983) . Gas-prone kerogens and source rocks tend to liberate abundant low-molecular-weight aromatic compounds, whereas oil-prone kerogens and source rocks liberate a larger proportion of nonaromatic compounds, such as n-alkanes and n-alkenes (Dembicki et al., 1983; Solli and Leplat, 1986; Tegelaar et al., 1989) .
Pyrolysis-gas chromatography results suggest that many Jurassic coal samples are capable of generating liquid hydrocarbons. Compound distributions for most samples lie between two end-member compositions (Figure 9 ). In samples dominated by inertinitic or vitrinitic macerals, chromatograms are characterized by an abundance of aromatic compounds and a lack of alkene/alkane doublets (e.g., Figure 9H ; see Hendrix, 1992 , for additional pyrograms). Although small quantities of highmolecular-weight (> ∼n-C 25 ) alkanes are present in the pyrolyzate, the most dominant compounds are low-molecular-weight aromatic compounds typical of woody tissues (e.g., phenols). Jurassic samples containing abundant exinitic macerals (resins, cuticles, spores) tend to be dominated by alkene/alkane doublets and show low quantities of lowmolecular-weight aromatic compounds (e.g., Figures 9C, 9E) (Hendrix, 1992) . This second end member is more representative of oil-prone kerogens (Dembicki et al., 1983; Solli and Leplat, 1986) . Katz et al. (1991) also noted prominent alkane/ alkene doublets in a Jurassic sample from Xishanyao (southern Junggar basin). Many Jurassic samples (e.g., Figures 9A, B, D , F, G) yield pyrolyzates with characteristics of both end members: prominent alkene/alkane doublets with substantial low-molecular-weight aromatic compounds, suggesting mixed organic matter types.
The prominence of alkene/alkane doublets suggests that these strata are capable of liquid hydrocarbon generation, given sufficient thermal stress. Geochemical correlation of Jurassic organic-rich strata with samples of Xinjiang petroleum offers the possibility to establish independent evidence for expulsion of some hydrocarbons from these rock sequences.
BIOLOGICAL MARKER COMPOUNDS
Biological markers (biomarkers) are geologically occurring organic compounds that possess evidence, either direct or inferred, of their biological origin (e.g., Peters and Moldowan, 1993 , and references therein). They have been described as molecular fossils, although changes in chemical structure during diagenesis and evolutionary changes in the chemistry of living organisms make it difficult or impossible to establish the direct biological precursor molecule for many biological marker compounds. Nevertheless, biological markers characterize the organic matter contributed to a sediment and, by extension, aid description of its depositional environment. Distributions of biomarkers provide the best means for direct correlation between petroleums and their suspected source rocks. In addition, maturity-induced changes in many biomarkers can provide information on the thermal history of organic-rich rocks.
We investigated biomarker distributions in the aliphatic hydrocarbon fraction of 35 organic-rich Lower through Middle Jurassic samples from the southern Junggar, northern Tarim, and Turpan basins, and four petroleum samples collected from Xinjiang sedimentary basins (Figure 1 , Appendix 1). Biomarkers are the primary tools used to interpret the types of organic matter from which each oil sample was generated and from which we infer their maturity. Most importantly, we compare biomarker distributions in the four oils with those in the Jurassic rocks to explore possible genetic relationships.
Acyclic Alkanes
Normal alkanes are the most abundant compounds for all samples in this study, although various distributions of n-alkanes and different abundances of n-alkanes relative to other components characterize individual samples (Table 5 ; Figures  10, 11) . In nearly all rock samples, the dominant n-alkane is either n-C 21 , n-C 23 , or n-C 25 , and a slight to pronounced odd-over-even preference (OEP) is present ( Figure 10 ). (Carbon preference index is calculated for n-C 19 to n-C 29 .) Due to increased maturity, the OEP for Tarim extracts tends to be somewhat less than that of Junggar samples (Table  5 ; Figure 10 ). Whole oil-GC (gas chromatogram) traces of the four petroleum samples (Figure 11 ) indicate that three of the oils are also dominated by n-alkanes. The lower carbon preference index (i.e., closer to 1.0) for these petroleums is attributed to higher thermal maturity, relative to rock samples ( and in each of the petroleums. Pr/Ph ratios for Jurassic shales and coals range from 1.3 to 8.0, averaging 4.5 (2σ = 1.7), whereas Pr/Ph ratios of the four petroleum samples range from 4.3 to 5.0, averaging 4.7 (2σ = 0.4). Neither Pr nor Ph were detected in sample 92-Bc-101 (northern Tarim oil seep) due to biodegradation. With this exception, the high Pr/Ph ratios for most extract and oil samples (generally greater than 2.5) are consistent with a higher plant-dominated nonmarine environment (Powell and McKirdy, 1973) . Given the many potential biological sources and diagenetic pathways for these compounds (e.g., Goossens et al., 1984; ten Haven et al., 1992) , Pr/Ph ratios are used here only as supporting evidence for contributions of terrestrial organic matter and as a correlation tool.
Steroidal Hydrocarbons
In the Jurassic shales and coals and in the four petroleum samples, steranes were detected in GC-MS (gas chromatography-mass spectrometry) analyses of saturate fractions, but their concentrations were typically too low to permit quantification except from m/z 217 traces acquired in multiple ion detection (MID) mode. Without exception, the sterane distributions for rock and petroleum samples are dominated by C 29 homologs, forming a cluster near the C 29 apex of a sterane ternary plot (Table 5 ; Figure 12) . Each of the petroleum samples is also dominated by C 29 regular [i.e., 5α(H), 14αH), 17α(H); hereafter αα, and 5α(H), 14β(H), 17β(H); hereafter ββ] steranes, although petroleum samples 94-HU-1 (Junggar) and 92-Bc-101 (Tar im) contain marginally higher proportions of C 27 and C 28 sterane homologs. Many rock extracts are sufficiently mature to exhibit complete isomerization of C 29 αα steranes at the C-20 position [i.e., S/(S+R) percent ratios of 52-55%; Seifert and Moldowan, 1986] , although some are incompletely isomerized (average = 34.3%; 2σ = 13.1%; Table 5 ). Percentages of C 29 ββ 20S+20R relative to C29 αα 20S+20R also indicate a spread of maturities within rock extract samples (average = 42.1%; 2σ = 13.2%; Table 5 ), although none of the samples appear to have reached peak maturity (maximum = 65.5%; peak = 67-71%; Seifert and Moldowan, 1986) . All four petroleum samples exhibit complete or nearly complete C 29 αα 20S/S+R sterane isomerization (average = 49.8%; 2σ = 6.1%; Table  5 ), but somewhat immature C 29 ββ/(αα + ββ) ratios (average = 46.1%; 2σ = 5.8%; Table 5 ), suggesting that the oils were not derived from peak oil window conditions. The greater relative maturity of the petroleum results in higher abundances of C 29 diasteranes compared to the abundance of these compounds in most source rocks (Figure 12 ).
Hopanoid Compounds
A prominent suite of hopanes was detected in every rock extract except 89-K-112 ( Figure 13 ; Table 5 ). Hopane distributions in each of the petroleum samples are notably similar to those of the rock extracts, irrespective of basin. C 29 and C 30 17α(H), 21β(H) hopanes (hereafter αβ) are typically the most abundant hopane in rock extracts and petroleum (Figures 10, 13 ). Maturity levels of most extracts and all four petroleums are sufficiently high to result in nearly full isomerization of C 31 17α(H), 21β(H) hopanes at the C-22 position (average = 51.9%; 2σ = 11.5% for extracts, average = 59.7%; 2σ = 1.2% for oils; "peak" isomerization approximately 57-62%; Seifert and Moldowan, 1986) . Higher hopane homologs show progressively lower concentrations, commonly up to C 33 or C 34 hopanes. C 35 αβ hopanes are detectable in many samples, but are not anomalously high with respect to C 34 αβ hopanes. This stepwise decrease in hopane abundance from C 31 αβ to C 35 αβ homologs is consistent with the presence of free oxygen in the diagenetic environment which has oxidized the precursor molecule bacteriohopanetetraol (C 35 ) to a C 32 acid, possibly followed by loss of the carboxyl group to C 31 if sufficient oxygen is present (Peters and Moldowan, 1993) .
High concentrations of 28,30-bisnorhopane, commonly regarded as an indicator of high-productivity marine upwelling conditions (e.g., Curiale et al., 1985; Curiale and Odermatt, 1989) , were detected in samples 89-M-3D and 89-M-3H from the south Junggar basin depocenter. Identification was confirmed by analysis of spectra. We believe this to be the first report of the occurrence of this marker in nonmarine strata.
In addition to homohopanes, distributions of other pentacyclic terpanes are broadly similar between the rock extracts and petroleum, but also reflect the greater maturity of the petroleum. Ts and Tm [C 27 18α(H), 22,29,30-trisnorneohopane (Table 5) . Ts/(Ts+Tm) ratios (expressed as a percentage) in the rock extracts are generally low (average = 8.6%; 2σ = 12.9%), reflecting the comparative immaturity of these samples (Seifert and Moldowan, 1986; Curiale, 1992) . The higher Ts/(Ts+Tm) ratios in the petroleums (average = 37.7%; 2σ = 10.3%) support their higher maturity, although the values are statistically indistinguishable from those of highmaturity rock extracts from within and nearby the Kalpin uplift (i.e., Baicheng, Qiugetale, Awate localities; average = 27.4%; 2σ = 16.9%). Gammacerane, commonly viewed as an indicator of abnormal salinity (Brassell et al., 1988) , is below detection limits in all Jurassic extracts and three of the four petroleums ( Figure 13 ). Petroleum sample 92-Bc-101 contains detectable gammacerane (gammacerane/C 30 hopane = 0.097) and slightly lower abundance of C 31 hopanes than other petroleum and rock extract samples. Fan et al. (1990) has reported gammacerane in four of ten Jurassic core samples recovered from within the Tarim basin. Thus, it is likely that the gammacerane in sample 92-Bc-101 reflects derivation from more basinal Jurassic source rocks than the extracts from basin margins reported here.
Tricyclic Terpanes
C 19 through C 29 tricyclic terpanes were detected in low abundance in many of the rock extracts, although appreciable quantities of these compounds were present in the more mature rock extracts, particularly those from the northwestern Tarim margin (Bc, Q, and Aw in Figure 1 ; Hendrix, 1992; Figure 13 ). Small but significant quantities of these compounds were also detected in petroleum samples 94-HU-1 and 92-Bc-101, which exhibit a higher thermal maturity than most of the rock extracts. Aquino Neto et al. (1983) noted that the tricyclic/17α(H) hopane ratio increases for related oils of increasing thermal maturity. Comparisons of the distribution of tricyclic terpanes between petroleum and rock extracts are similar, and are consistent with a correlation between the two (Figure 13 ). Low C 25 /C 26 ratios (<1) in rock extracts and the two oil samples suggest a lacustrine source rather than a marine source ( Figure  13 ) (Zumberge, 1987; Peters et al. 1994 ).
Diterpenoid Compounds
A series of bi-, tri-, and tetracyclic diterpenoids was detected in many of the rock extract samples. The compounds included phyllocladane, nor-labdane, nor-isopimarane, isopimarane, 4β(H) norisopimarane, and 8β(H) labdane, among others (Noble et al., 1985 (Noble et al., , 1986 Hendrix, 1992) . In some cases, individual diterpenoid compounds were concentrated enough to produce a detectable RIC (reconstituted ion chromatogram) peak (Figure 10 ; Hendrix, 1992) . Comparison of the abundance and diversity of diterpenoids indicates higher abundances of diterpenoid compounds, relative to n-alkanes, in Junggar rather than Tarim samples (Table 5) . It is unclear whether these differences are a function of diagenetic preservation or whether they represent diversity of diterpenoid sources from one side of the Tian Shan to the other. Diterpenoids were not detected in any of the petroleum samples.
Diterpenoids are generally interpreted as being derived from conifers (Simoneit, 1977; Barrick and Hedges, 1981; Noble et al., 1985 Noble et al., , 1986 . The prominent suites of diterpenoids in the rock extracts therefore suggest land-derived organic matter associated with deposition of the coals and Table 3 for  TOC values and Table 2 organic-rich shales. It is unclear whether the absence of diterpenoids in the petroleum samples is a function of their greater maturity, compared to the source rock samples, or their derivation from source rocks without diterpenoid compounds. Although diterpenoids were prevalent in many of the rock extracts, not all of the samples contained detectable diterpenoids (Table 5) . Thus, lack of diterpenoid compounds in these petroleum samples does not exclude a Jurassic source.
Figure 7-Van Krevelen diagram for selected Jurassic samples from Xinjiang basins. Thermal maturity pathways from Tissot and Welte (1984). Refer to
Other Biomarkers
Carotenoids, such as β-carotane and γ-carotane, were not detected in any of the rock extracts or the four petroleum samples. This consistent absence of carotanes is particularly significant because of their use in the correlation of Permian-sourced petroleum in the Junggar basin .
Pentacyclic triterpanes (e.g., oleanane and lupane), significant components of many Tertiary coal deposits (Ekweozor et al., 1979; Hoffman et al., 1984) , are absent from rock extracts and petroleum examined here. These compounds are derived from angiosperms, which did not radiate significantly until the Early Cretaceous. Their absence is consistent with the Jurassic age of these deposits.
THERMAL MATURITY
Sterane isomerization values are consistent with vitrinite reflectance measurements, which suggests that most of the rock samples either have not entered the oil window (R o <0.6%) or are mature (R o ∼0.6-0.9%) with respect to petroleum generation. The greater thermal maturity of the northwestern Tarim basin, based on vitrinite reflectance data, is not evident in sterane and hopane isomerization ratios because these processes are complete at lower levels of thermal maturity. Similarly, diasterane/sterane percentage ratios of rock extracts (average = 30.0%; 2σ = 10.1%) do not exhibit maturity trends from basin flanks to depocenters. In contrast, Ts/(Ts+Tm) ratios (Table 5) (Seifert and Moldowan, 1986; Curiale, 1992) vary widely, with the most mature rock samples from northwest Tarim yielding the highest Ts/(Ts+Tm) ratios (Table  5) . For a complete discussion of stereochemical maturity parameters measured in Jurassic rock extract samples from Xinjiang see Hendrix (1992) . Given that rock samples analyzed in this study were collected from uplifted basin margins and are far from producing areas, there is considerable uncertainty regarding the degree to which maturity of these samples are representative of subsurface Jurassic rocks that may be currently expelling oil. For this reason, we have restricted our discussion of Jurassic strata to depositional issues and character of 
JUNGGAR AND TURPAN BASINS TARIM BASIN
Other Junggar samples Junggar samples described in this study (Hendrix, 1992) Other Turpan samples
Turpan samples described in this study (Hendrix, 1992) Other Tarim samples Tarim samples described in this study (Hendrix, 1992) T source sequences, rather than generative issues. For detailed discussions of the thermal history of basin margins based on apatite fission-track data and indexed to R o data, see Hendrix et al. (1994a) and Sobel and Dumitru (in press ). Constraints on burial history and geologic evolution for these basins are discussed in Graham et al. (1990) , Hendrix et al. (1992) , and Carroll et al. (1993) .
DISCUSSION
Early and Middle Jurassic Lake Development
The widespread distribution of exclusively nonmarine Lower and Middle Jurassic organic-rich strata across the study area and adjacent regions (Vakhrameyev and Doludenko, 1977; Lai and Wang, 1988; Hendrix et al., 1994b) led Huang et al. (1991) and Hendrix et al. (1992) to postulate regionally extensive lakes in the southern Junggar, northern Tarim, and Turpan basins. Indeed, all three basins have had a protracted history of lacustrine development. Extensive Late Permian lakes and Late Cretaceous lakes (Shen and Mateer, 1992) have been inferred from the Junggar sedimentary record. Regional lacustrine deposition characterized the Turpan basin in the Jurassic and in the Pleistocene Nishidai and Berry, 1991) , and large ephemeral lakes continue to occupy significant portions of central Asia (e.g., Lop Nur in the eastern Tarim basin, Manas and Ebinur Lakes in the Junggar basin).
Most of the Lower and Middle Jurassic strata exposed on the flanks of the three basins bear meandering fluvial rather than lacustrine affinities. Nevertheless, the ubiquity of organic-rich strata, their considerable thickness, and the likelihood that the present basin edges expose only proximal lithofacies strongly suggest that regional lacustrine facies occupy basin depocenters in the subsurface. Additional circumstantial evidence supports this conclusion. The fossil remains of a large aquatic dinosaur in Jurassic outcrops near Baicheng (Bc in Figure 1 ) (Wu, 1987) attests to the existence of a deep water body. Huang et al. (1991) reported widespread Jurassic lacustrine deposits from the subsurface of the Turpan basin. Zhou et al. (1993) analyzed a series of produced oils from the Turpan basin and cited their low sulfur content (0.03-0.06%), pristane predominance (average ∼2.3), high paraffinic content relative to conventional oil, and low asphaltene content as consistent with a lacustrine source. Zhou et al. (1993) also reported similar sterane and hopane distributions between these oils and a series of Jurassic lacustrine mudstones collected from core. Regional facies distributions and paleocurrent measurements along uplifted basin margins suggest that meandering fluvial/deltaic strata trend into regional lacustrine strata down depositional dip.
Global paleoclimatic modeling predictions (Kutzbach and Gallimore, 1989) and regional paleoclimate syntheses (Parrish, 1993) suggest that the Jurassic organic-rich deposits across much of central Asia are the result of monsoonal circulation induced by the configuration of the large Pangean landmass. According to Parrish (1993) , during the Late Triassic-Early Jurassic, seasonally alternating high and low pressure cells formed over protoLaurasia and proto-Gondwana . These pressure cells forced seasonal air masses to flow across the warm, equatorial Tethys Ocean, accumulating moisture and depositing it onshore in the form of monsoonal rainfall. The existence of widespread organic-rich facies is consistent with such a monsoonal climate. Hendrix et al. (1992) suggested that the Early and Middle Jurassic Tian Shan apparently did not possess sufficient relief to produce a rain shadow. Given the thick, widespread nature of organic-rich meandering fluvial sediments and the apparent duration of their deposition, any basinward lacustrine system was probably a long-lived feature existing, albeit perhaps intermittently, for millions of years. Cessation of the monsoon by the Late Jurassic is predicted by global atmospheric circulation models (e.g., Kutzbach and Gallimore, 1989) , and is consistent with regional development of Upper Jurassic red beds (e.g., Qigu Formation, Figure 2 ) and relative increases in Classopollis pollen, derived from drought-tolerant, probably opportunistic Cheiralipidiaceae conifers (Vakhrameyev and Doludenko, 1977; Vakhrameyev, 1982) .
Sources of Organic Matter
Many lines of evidence suggest that higher plants were the principal source of organic matter for Lower through Middle Jurassic rock samples. Abundant higher plant detritus, ranging from log jams to well-preserved leaf impressions and rhyzoids, is common throughout the deposits in all three basins. Vitrinite is a major, if not dominant, maceral for all organic-rich Jurassic samples examined (Table 2) . Atomic H/C and O/C ratios suggest a higher plant source (Table 4) . Moderate to strong odd-over-even carbon preference indices and a dominance of medium-to high-molecular-weight n-alkanes, typical for higher plant-derived organic matter (Gagosian et al., 1981; Tegelaar et al., 1989) , characterize most samples. C 29 steranes are the dominant homolog, consistent with higher plant-derived bitumens and oils (Huang and Meinschein, 1979; Ramanampisoa et al., 1989) . Diterpenoids, recognized biomarkers from conifers (Simoneit, 1977; Barrick and Hedges, 1981; Noble et al., 1985 Noble et al., , 1986 , were detected in over 85% of the rock extracts. Clearly Early and Middle Jurassic rainfall patterns permitted vast coniferous forests to develop on both sides of the Tian Shan and also within the intermontane *nc = not calculated; nd = not detected. CPI (carbon preference index) = (n-C 19 + n-C 21 + n-C 23 + n-C 25 + n-C 27 + n-C 29 )/(n-C 20 + n-C 22 + n-C 24 + n-C 26 + n-C 28 ); quantified using RIC (where possible) or m/z 85. Pr/Ph = pristane/phytane; quantified using RIC. Percent C 27 St = 100 × (C 27 /C 27 + C 28 + C 29 20S + 20R 5α(H),14α(H),17α(H) steranes; quantified using m/z 217. Percent C 28 and C 29 steranes were calculated in a similar fashion. Percent portions of the range such as the Turpan basin. Vakhrameyev and Doludenko (1977) studied Jurassic floras of central Asia, and concluded that a robust and varied coniferous flora inhabited the present study area during the Early and Middle Jurassic.
Abundant hopanes in most of the rock extracts indicate significant contributions of organic matter from bacteria (Ourisson et al., 1979) . Hopane/sterane ratios are a measure of the relative contributions from bacteria and algae (Table 5) (Hoffman et Duncan and Hamilton, 1988) . Hopane/ sterane ratios in rock extracts (average = 9.5; 2σ = 8.5) and petroleum (average = 8.8; 2σ = 5.6) suggest that the terrestrially derived organic matter is complemented by contributions from bacteria. The similarities in this ratio also link these petroleums to a Jurassic source. The marginally higher proportion of C 27 and C 28 steranes in petroleum samples 94-HU-1 (Junggar) and 92-Bc-101 (Tarim), relative to rock extracts (Figure 12 ), is probably due to derivation of these oils from basinal strata with slightly more lacustrine character than the largely fluvial, coaly sections from the basin margins. The presence of diterpenoids in 85% of the rock extracts, all derived from basin margins, and the corresponding lack of diterpenoids in all four petroleum samples is consistent with this hypothesis, although high maturity may also explain the absence of these compounds in the oils.
Jurassic Strata as a Petroleum Source in Xinjiang Basins
Both Chinese and Western studies report multiple source rocks in Xinjiang basins (Fan et al., 1990; Graham et al., 1990) . Most investigations of Junggar basin petroleum suggest that the extremely organic-rich Upper Permian lacustrine facies is the dominant petroleum source for the basin (Graham et al., 1990; Carroll et al., 1992) . In addition, Jiang and Fowler (1986) suggested Carboniferous marine mudstones as a significant source for the giant Karamay field, although no evidence was presented to document the age of the analyzed source rocks. The northern Tarim basin lacks the organic-rich Upper Permian lacustrine facies of the Junggar basin, but contains Ordovician marine black shales generally regarded as the basin's most significant source rock (e.g., Graham et al., 1990) ; these shales have been geochemically correlated with various Tarim oils (Fan et al., 1990; Yang, 1991) . Fan et al. (1990) also suggested that Cambrian dolomites and Carboniferous-Permian organic-rich shales and coals from the northern Tarim basin are additional local sources of petroleum, although Graham et al. (1990) found the source rock quality of these strata to be poor. Our geochemical results from four selected crude oils from all three basins suggest a geochemical correlation with Jurassic organic-rich rocks. Pristane/phytane ratios are high in each petroleum and the Jurassic rock extracts, typical of terrestrial oils (e.g., Powell and McKirdy, 1973) . Sterane and hopane distributions are similar to those of the rock extracts (Figures 12, 13 ) and are notably different from distributions reported for Ordovician or Permian source rocks or oils from the Tarim and Junggar basins, respectively. For example, a strong predominance of C 29 steranes in all four oils is consistent with sterane distributions in Jurassic rock extracts and different from Cambrian-Ordovician source rocks and oils in Tarim, which have considerably larger relative abundances of C 27 and C 28 steranes (Yang, 1991) (Figure 12 ), or Permian lacustrine source rocks from Junggar, which have subequal amounts of C 28 and C 29 steranes (Figure 12) . The abundance of tricyclic terpanes relative to pentacyclic terpanes ( Figure 13 ) is considerably lower for the rock extracts and petroleum reported here than for CambrianOrdovician or Carboniferous-Permian sources and their corresponding oils reported from the Tarim basin (Fan et al., 1990) .
The presence of minor gammacerane in oil sample 92-Bc-101 (northern Tarim basin) is an anomaly in the correlation with Jurassic source rocks. Gammacerane is absent from all of the Jurassic rock extracts and all petroleums except this sample ( Figure 13 ). Results from Zhou et al. (1993) suggested that basinal lacustrine mudstones, which locally contain gammacerane, and basin margin fluvial coaly strata, which lack gammacerane, both provide significant petroleum source rock contributions to the Turpan basin. A similar change in source rock facies may also characterize the northern Tarim basin because other geochemical parameters suggest that the sample was derived from lacustrine Jurassic source rocks down depositional dip rather than fluvial coaly strata observed along uplifted basin margins. Hopane and sterane biomarker parameters are consistent with a correlation between oil sample 89-Bc-101 and Jurassic rock extracts (Figures 12, 13) . The relative distribution of C 27 , C 28 , and C 29 steranes for this oil are notably different from those values reported for northern Tarim well Shacan 2 oil, considered to be derived from Ordovician source rocks in the northern Tarim basin (Figure 12 ). Oil sample 92-Bc-101 contains 0.14% sulfur, consistent with a nonmarine source, especially considering the highly biodegraded character of the oil. This value is lower than the sulfur content of 0.3% reported for the Shacan 2 oil (Yang, 1991) . Yang (1991) also reports that Carboniferous-Lower Permian source rocks from north Tarim contain β− and γ-carotane, both of which are lacking in oil sample 92-Bc-101.
Increasing evidence suggests that coals and associated type III kerogen can yield not only gas or condensate (e.g., Tissot and Welte, 1984) , but also significant quantities of oil (Murchison, 1987; Curry et al., 1994) . According to Hunt (1991) , the two main relevant criteria are the liptinite content of the coal and the importance of adsorption effects during primary migration, which are related to seam thickness. In part, the traditional view that coals are largely gas prone may be the result of historical bias in the study of North American and European Paleozoic coals, prior to the study of Mesozoic-Cenozoic coals containing contributions from resinous conifers and angiosperms (Thomas, 1982) . Coals and related continental strata with type III kerogen provide the source for commercial oil accumulations in sedimentary basins of New Zealand Curry et al., 1994) , Australia (Philp and Gilbert, 1986; Curr y et al., 1994) , Indonesia (Hoffman et al., 1984; Bjorøy et al., 1988) , Tanzania Mpanju et al., 1991) , and China (Fu et al., 1991; Luo et al., 1991) . Reports of liptinite-rich coals as oil source rocks (e.g., Püttman et al., 1986) are generally accepted, and recent TEM (transmission electron microscopy) observations of type III kerogens (Liu and Taylor, 1991) have suggested that vitrinite-rich and even inertinite-rich coals may constitute important oil source rocks (cf. Saxby and Shibaoka, 1986) . In addition, compositional studies of bitumens and kerogens from coal suggest that cracking to gas or condensate is not a prerequisite for expulsion of liquid hydrocarbons from coals (Huc et al., 1986; Horsfield et al., 1988) .
The oil-generative character of Jurassic coals and shales of Xinjiang basins (Figure 9 ) is almost certainly due to the locally high percentages of hydrogen-rich macerals, such as exinite, as noted for other oil-generative coals (Curry et al., 1994) . The geochemical parameters that support the ability of these strata to generate oil and their biomarker correlation with petroleum from each of the three basins examined are consistent with this idea. This work indicates that Jurassic coaly deposits are a critical component of exploration risk reduction in northwestern China.
CONCLUSIONS
(1) Lower and Middle Jurassic coal-bearing strata are widespread across much of central Asia and are well developed in the southern Junggar, northern Tarim, and western Turpan basins of northwestern China. Thicknesses and estimated volumes of Jurassic coal in these basins make these among the world's largest coal deposits. Jurassic coaly strata exposed along uplifted basin margins in northwest China were deposited in meandering fluvial and, locally, in lacustrine deltaic systems. Regionally extensive Jurassic lakes probably developed basinward from present-day outcrop belts. High runoff conditions and possible regional lake development are consistent with global circulation modeling predictions of Early and Middle Jurassic monsoons in the study area (Kutzbach and Gallimore, 1989; Hendrix et al., 1992; Parrish, 1993) .
(2) Field and laboratory data indicate a dominance of terrestrial organic matter in the Jurassic deposits. Preserved plant remains, ranging from log jams to leaf impressions and in-situ rhyzoids, are common in Jurassic deposits. Maceral compositions are dominated by vitrinite and inertinite, but substantial exinitic material also occurs. Elemental analysis indicates that the kerogens are dominantly type III. Mean vitrinite reflectance values range from 0.42 to 2.18%, but indicate that Jurassic strata from most sample locations are slightly immature to mature with respect to petroleum generation. (Yang, 1991) Permian oil shale & Karamay oils Jiang et al., 1988; Philp et al., 1989) Samples from the northwestern Tarim basin are mature to overmature. Biomarker distributions support the conclusion that higher land plant organic contributions are dominant, but also indicate substantial bacterial contributions. (3) Jurassic coaly strata have significant potential as petroleum source rocks. Pyrolysis-gas chromatography of selected samples in this study (Figure 9 ) yields prominent alkene-alkane doublets, typical of petroleum source rocks (Dembicki et al., 1983) . Positive correlations with oils from the southern Junggar, northern Tarim, and Turpan basins have been established for Jurassic coals. Biomarker parameters, indicating a positive correlation between rock extracts and petroleum, include similar sterane and hopane distributions, low abundance to absence of tricyclic terpanes with similar distributions where present, lack of gammacerane in all but one oil, lack of carotanes, and high pristane/phytane ratios typical of terrestrially derived organic matter and petroleum. Anomalies in the oilsource correlation include marginally higher C 27 and C 28 steranes in the Junggar and Tarim oils, presence of gammacerane in the Tarim oil, and lack of diterpenoids in all four oils. Each of these anomalies can be attributed to derivation of petroleum from more distal, Jurassic lacustrine facies rather than the proximal coal-bearing facies described here. Recent advances in assessing coal as a petroleum source rock suggest that certain coals may be significant sources of oil, consistent with the oil source potential interpreted for Jurassic coal measures from northwestern Chinese basins.
APPENDIX 1 Bulk Geochemical Analyses
A total of 159 organic-rich samples were collected for this study. A Delsi Instruments ® Rock-Eval II was used to pyrolyze 144 samples to provide bulk geochemical information prior to more detailed organic geochemical analysis (Table 3) [see Hendrix (1992) for additional data]. Total organic carbon (TOC) was determined using a Leco ® instrument after crushing the samples and treating with HCl to remove carbonates. These TOC values were used to calculate HI (hydrogen index) and OI (oxygen index) values.
Because Xinjiang Jurassic coals and organic-rich shales have extremely high TOC values (average 67%), 8-10-mg samples were used for Rock-Eval analysis. Test analyses conducted with various sample sizes indicated that this procedure provides the most reliable results (Hendrix, 1992) . Larger sample sizes tended to saturate the FID (flame ionization detector). [See Espitalié et al. (1977) , Katz (1983), and Peters (1986) for more detailed discussions of the Rock-Eval pyrolysis technique and its limitations.] In addition to Rock-Eval and TOC analyses, bulk organic geochemical techniques employed in this study included visual kerogen (Table  2) , elemental analysis (Table 4) , and vitrinite reflectance (Table 3) .
Hydrocarbon Extraction, Fractionation, and Analysis
Detailed organic geochemical analyses were performed on selected samples to address issues of organic matter source, maturation, hydrocarbon generation potential, and comparison with known petroleum. Selected samples were trimmed (approximately 10 g), rinsed in CH 2 Cl 2 to remove organic contaminants, and pulverized to approximately100 µm. Approximately 2 to 9 g of each sample were solvent-extracted via Soxhlet (3:1; CH 2 Cl 2 :CH 3 OH). Extraction typically proceeded for over 72 hr (3 days) before negligible coloration of solvent was observed. The resulting extract/solvent mixture was roto-evaporated and dried in a nitrogen stream at or less than 40°C.
Because iron sulfide (FeS 2 ) is commonly observed on fresh fracture surfaces, especially in the coals, two methods were used to remove sulfur. For all but eight samples (Table 5) , extracted bitumen was percolated through Cu powder, reduced by cleaning with HCl, and rinsed with deionized H 2 O, acetone, CH 3 OH, and CH 2 Cl 2 . In addition, sample extracts with excessive elemental sulfur were dried and exposed to direct contact with CH 2 Cl 2 -rinsed Hg. Desulfurized extracts were fractionated into aliphatic, aromatic, and NSO-compound fractions using thin-layer chromatography (glass plates coated with 0.25 mm silica gel, eluted for 24 hr with ethyl acetate and activated at 300°C for 1 hr prior to use) and hexane eluant.
Eight samples (Table 5) were extracted and fractionated as follows. Powdered samples were Soxhlet extracted (100% CH 2 Cl 2 ). Extracts were dissolved in methylene chloride and concentrated to 1 mL volume; 25 mL pentane was added to precipitate asphaltenes (precipitation accelerated by refrigeration for 4 hr at 1-2°C). Asphaltenes were removed by centrifuging. Deasphalted extracts were fractionated using a gravity-fed, silica-gel liquid chromatography column (100-200 µm silica gel supports activated at 400°C prior to use). Saturates, aromatics, and NSO-compounds were eluted with 100% CH 2 Cl 2 , 50:50 CH 2 Cl 2 :CH 3 OH, and 100% CH 3 OH, respectively. Fractions were removed under a 40°C water bath in a nitrogen stream. Fractionation of all four petroleums analyzed in this study was performed using this method.
Gas chromatography-mass spectrometry (GC-MS) of aliphatic compounds was performed using a Varian Model 3400 ® gas chromatograph (on-column and split-splitless injectors used; 30 m × 0.25 mm i.d., fused silica capillary column with a 0.25 µm DB-5 coating). The GC was directly interfaced with a Finnigan-Mat TSQ-70 ® mass spectrometer. Full data acquisition GC-MS and multiple ion detection 217, 231, 253, 400, 191) were performed for 39 total samples (19 samples plus 16 from Junggar and 4 from Turpan, including petroleum). 
